221 patients (75%) had stones demonstrated on ERCP. A receiver operating curve (ROC) was plotted correlating stone size with the likelihood of a positive ERCP result, and demonstrates that using a cut off of >4 mm as an indication for ERCP gives the mathe-matical best-fit correlation with a sensitivity of 83% (95% CI 78,88) and specificity of 66% (95% CI 53,77).
Introduction
Gallstones are present in approximately 25% of the UK population at post-mortem, 1 and complications including common bile duct (CBD) stones account for a significant part of emergency and elective general surgery. 1,2 The current guidelines issued by the British Society of Gastroenterologists suggest that whenever patients have symptomatic CBD the stones should be removed whenever possible. 3 They also state that a cholecystectomy should be performed for all patients with CBD stones when accompanied by symptomatic gallstones. 1,3
The standard sequence of investigation for suspected CBD stones involves transabdominal ultrasound to assess CBD size and plasma liver function tests in the first instance. If either of these is abnormal the next step would be to carry out an MRCP or endoscopic ultrasound. 4 Both of these tests have a higher sensitivity for the identification of gallstones particularly CBD stones. 4-6 If stones are confirmed, the current guidelines state that endoscopic retrograde cholangiopancreatography (ERCP) and stone extraction should be performed on all patients fit to undergo the procedure. 3 ERCP carries significant risks to the patient, with a reported rate of post ERCP pancreatitis as high as 6.7%, gastro-intestinal haemorrhage of between 0.7% and 2%, cholangitis between 0.5% and 5% and duodenal perforation up to 1%. 1,6,7 Current guidelines state that patient selection should take into ac-count patient co-morbidities and the likelihood of a negative investigation, and caution against unnecessary biliary instrumentation, stating that ERCP should be reserved for those patients in whom the clinician is confident an intervention will be required. The Joint Advisory Group on Gastrointestinal endoscopy (JAG) recommendations state that >90% of ERCPs 8 should be performed with therapeutic intent, which is considerably higher than the rate of positive ERCP in our hospital.
In the management of ureteric stones, radiological evaluation of stone size has been shown to clearly correlate with the chance of spontaneous stone passage. 1,9 While the ureter is of a larger diameter than the CBD and the volume of urine which is a much less adhesive substance than bile is much larger over the course of 24h no similar studies looking to correlate stone size to the chance of passing have been carried out. 4,9
As a result, we set out to investigate whether or not CBD stone size measured on MRCP could be used as a predictor of the likelihood of finding CBD stones at ERCP, and thus whether a size threshold could be set to avoid ERCP in patients with a high risk of an unnecessary procedure.
Methods
Clinical records were reviewed over the 60 month period from November 2009 to November 2014 to identify those patients who had a clinical diagnosis of possible CBD stones at a single unit in Glasgow. The results of this review were then correlated with those patients who underwent MRCP scans to ensure that these were for gallstone disease as opposed to another cause.
Stone sizes and CBD dilation were reported by a consultant radiologist or a senior registrar via the PACS imaging system.
Those patients who had confirmed MRCP stones were then reviewed to ascertain if they proceeded to ERCP. The reports for each ERCP were reviewed in order to ascertain if these were successful or not and if not the reason why this was the case.
All MRI scans were carried out using a Phillips Achieva 1.5 T MRI scanner. Data was analysed using MedCalc version 13.
All clinical information was stored in an encrypted Microsoft Excel 2007 file. This was in turn stored a secure serve in accordance with local policy in Greater Glasgow and Clyde. Statistical analysis was carried out in SPSS with graph construction also being carried out in SPSS.
Statistical analysis was performed by plotting a receiver operating curve (ROC) of true positive rate (sensitivity) against false negative rate (1-specificity). From this, the sensitivities and specificities of a range of size cut-offs were derived, as well as the value of best mathematical compromise (greatest area under the curve).
Results
Over the course of the study 1812 consecutive patients with a clinical diagnosis of possible CBD stones underwent MRCP. Stones were demonstrated in 408 patients. Stone size was measured and reported by a consultant radiologist or senior Specialist Trainee Registrar in 383 patients. The remaining 26 were excluded as no measurement was given on the original MRCP report and the images were not available for re-reporting.
73 patients did not undergo ERCP. These patients declined the procedure, were clinically unfit, died prior to ERPC or were otherwise lost to follow-up. ERCP was positive in 221 (75%) patients. 17
ERCPs failed, and the remaining 72 patients were demonstrated to have a clear duct. Stone size ranged from 1 to 32mm (median 6mm). Figure 1 shows the ROC curve quantifying the ability of MRCP measurement of stones to predict ERCP result, with the area under the curve calculated at 0.79 (95% CI 0.74, 0.84, p<0.0001).
The point of mathematical best compromise (Youden index J associated criterion) is shown as stone size >4mm. Table 1 shows criterion values and co-ordinates of the ROC curve, which presents sensitivity and specificity for a variety of thresholds used as a cut-off to decide whether or not to perform ERCP. Table 1 : Criterion values and co-ordinates of the ROC curve
Discussion
After a detailed literature review we believe that no previous studies have been published examining the relationship between size of CBD stones and their chance of spontaneous passage. Our data suggest that there is a highly significant correlation between increasing stone size and the likelihood of positive ERCP (p value < 0.0001). This strongly suggests that there is a higher likelihood of smaller stones passing spontaneously prior to attempts at removal via endoscopic means. This is not the standard practice in the majority of centres within the UK and as such we hope will generate considerable debate.
If we were to reduce the number of unnecessary ERCPs, the data would support setting a threshold of stone size, which any given stone must exceed on MRCP measurement before ERCP would be undertaken. 4 As can be seen in Table 1 , as that threshold rises, the specificity of the test rises with it, at the cost of a falling sensitivity. If ERCP is performed for any stone >1mm in size, sensitivity is 100% (95% CI 98.4, 100) but with a low specificity of 1.43% (95% CI 0.04, 7.1) and correspondingly high false negative rate -in essence, this is close to our current practice of performing ERCP on all patients with MRCP demonstrated stone disease of any size. 1,4
By contrast, if a threshold of >15 mm is set below which ERCP is not undertaken, the sensitivity of the test falls to 6.76% (95% CI 3.8, 10.9) and the specificity rises to 100% (95% CI 94.9, 100).
Clearly the most useful threshold, at which a good sensitivity and specificity is maintained lies somewhere between these two levels. 
Conclusions
In our current practice, all patients with CBD stones at MRCP are considered for ERCP regardless of stone size, which leads to a rate of positive ERCP falling significantly short of the JAG recommendation of 90%. 
